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Description 

METHOD FOR REDUCING THERMAL 
ACCUMULATION DURING INKJET 

PRINTING 

Background of Invention 

[0001] 1. Field of the Invention 

[0002] The present invention relates to Inkjet printers, and more 
specifically, to a method for reducing thermal accumula- 
tion with Inkjet printing through the use of sub-images. 

[0003] 2. Description of the Prior Art 

[0004] Recently, the popularity of Inkjet printers has increased 
dramatically due to their low cost and high quality. Since 
the price and quality are critical to the users" choices, 
printer vendors aggressively develop their products so 
that the products have lower cost and better quality so as 
to increase popularity and profits of their products. 
Therefore, developers are focusing on how to improve the 
performance of products under limited cost. 



[0005] Most Inkjet printers now use thermal Inkjet printhead or 
piezo-electrical Inkjet printhead to spray ink droplets 
onto a sheet of medium, such as paper, for printing. The 
thermal Inkjet printhead Includes Ink, heating devices, and 
nozzles. The heating devices are to heat the ink to create 
bubbles until the bubbles expand enough to burst so that 
ink droplets are fired onto the sheet of paper through the 
nozzles and form dots or pixels on the sheet of paper. 
Varying the sizes and locations of the Ink droplets can 
form different texts and graphics on a sheet of paper. 

[0006] The quality of printing Is closely related to the resolution 
provided by the printers, with higher resolutions requiring 
finer sizes of droplets. The size of the droplets is related 
to the cohesion of the ink. For instance, for droplets hav- 
ing Identical amount of Ink, Ink with greater cohesion may 
have a smaller range of spread when they fall onto the pa- 
per, resulting in clearer and sharper printing. In the pro- 
cess of printing with the thermal Inkjet technology, the 
heating elements of a printhead are activated to heat up 
the ink in the printhead for the creation of bubbles so that 
Ink droplets are ejected from the nozzles onto a sheet of 
paper. As the temperature of the Ink rises, the viscosity of 
the ink becomes lower. If the temperature of the ink is 



higher than a predetermined level, the viscosity of the ink 
could be abnormally low and ink droplets to be ejected 
would form larger dots onto the sheet of paper, resulting 
in a degraded quality of printing. Thus, the temperature 
control of the ink is a key to the improvement of the 
printing quality. 

[0007] Please refer to Fig.l. Fig.l shows a block diagram of a 
conventional Inkjet printer 10. The Inkjet printer 10 in- 
cludes a central processing unit (CPU) 12, a printing con- 
troller 16, a printhead driver 18, and a printhead 20. Dur- 
ing printing, data representative of images to be printed 
are fed into the Inkjet printer 10. After processing of the 
data, the CPU 16 feeds image data 14 into the printing 
controller 16. The image data 14 includes information of 
locations, colors, and density of pixels corresponding to 
the images to be printed. In response to the image data 
14, the printing controller 16 controls the printhead driver 
18 and the printhead driver 18 causes the printhead 20 to 
print the images. 

[0008] Please refer to Fig. 2. Fig. 2 gives an illustration of a por- 
tion of nozzles arranged on the printhead 20. For the sake 
of simplicity, the nozzles of the printhead 20 are repre- 
sented as an array of nozzles 20". The printhead 20 in- 



eludes a plurality of nozzles and heating elements, and 
each of the heating elements is disposed in proximity to 
an associated nozzle to heat ink close to the nozzle for 
the ejection of ink droplets. 
[0009] In the course of printing, a nozzle may eject ink droplets 
consecutively. The heat generated by the heating element 
associated with the nozzle may accumulate because con- 
secutive triggering signals are applied to the heating ele- 
ment while there is no enough time for the heat produced 
to release completely. Besides, the ink temperature near 
the nozzle may also be greater than that near the other 
nozzles. If the heat accumulation is not well compensated, 
the ink temperatures near different nozzles will be differ- 
ent from each other. Because of the different tempera- 
tures, the ink near different nozzles will have different 
viscosity. The ink droplets ejected from different nozzles 
would be of different sizes, resulting in a degraded print- 
ing quality. Thus, temperature compensation is necessary 
for improving the printing quality of thermal Inkjet print- 
ing. 

[0010] Conventionally, there are two techniques for temperature 
compensation for use in Inkjet printing apparatuses. In 
the first approach, temperature compensation is based on 



the temperature of the nozzles measured by a thermal re- 
sistor arranged near the nozzles. In addition, the temper- 
ature of the nozzles is determined by the variation of the 
resistance of the thermal resistor. However, the tempera- 
ture obtained in this way is an average temperature of a 
part or all of the nozzles whereas the temperature of spe- 
cific nozzles are unobtainable. In other words, if abnormal 
temperature increase is observed, it is still not possible to 
identify the specific nozzles that cause the temperature 
rise in such conventional approach. Therefore the temper- 
ature compensation actions taken may not be appropriate. 
1] In the second approach, temperature compensation is 
based on predictions about heat accumulation while the 
predictions are made by analyzing pixels of the image de- 
sired to be printed. If the formation of the images on a 
sheet of printing medium requires the ejection of a large 
number of ink droplets corresponding to the pixels of the 
images, a high degree of heat accumulation is expected. 
Conversely, if the formation of the images on the sheet of 
printing medium requires the ejection of a small number 
of ink droplets corresponding to the pixels of the images, 
a low degree of heat accumulation is expected. During 
printing, in order to achieve temperature compensation. 



evaluation of energy applied to each of the nozzles is 
made in accordance with the predications about heat ac- 
cumulation. However, during consecutive ejection of ink 
droplets, heat release of the nozzles is incomplete, and 
heat accumulation still occurs in each nozzle. Thus, the 
second approach is unable to effectively resolve the prob- 
lem of heat accumulation in the nozzles. 
Summary of Invention 

[0012] It is therefore a primary objective of the claimed invention 
to provide a method for reducing thermal accumulation 
during Inkjet printing in order to solve the above- 
mentioned problems. 

[0013] According to the claimed invention, a method for printing 
an image on a printing medium with an Inkjet printing de- 
vice includes providing data representative of an original 
image, calculating a total heat weighting value for the 
original image to indicate a degree of heat accumulation 
for the original image, and comparing the total heat 
weighting value to R distinct reference values, R being an 
integer greater than or equal to one. The method also in- 
cludes selecting M image masks to be used to mask the 
original image, wherein a value of M is chosen according 
to comparison results between the total heat weighting 



value and the R reference values, M being an integer 
greater than or equal to one; masking the original image 
with the M image masks to produce M sub-images; and 
printing the M sub-images successively on the printing 
medium with a plurality of nozzles for superimposing the 
M sub-images on the printing medium, whereby the origi- 
nal image is printed on the printing medium. 

[0014] It js an advantage of the claimed invention that the origi- 
nal image is divided into M sub-images with the M image 
masks. The use of sub-images prevents an excessive 
amount of heat from accumulating in the ink provided to 
the nozzles by spreading out the nozzles used to eject ink 
at any one time. 

[0015] These and other objectives of the claimed invention will 

no doubt become obvious to those of ordinary skill in the 

art after reading the following detailed description of the 

preferred embodiment, which is illustrated in the various 

figures and drawings. 
Brief Description of Drawings 

[0016] Fig.l shows a block diagram of a conventional Inkjet 
printer. 

[0017] Fig. 2 gives an illustration of a portion of nozzles arranged 
on the printhead. 



[0018] Fig. 3 shows a block diagram of a controlling device used 
for controlling Inkjet printing according to the present in- 
vention. 

[0019] Fig. 4 is a table summarizing operation of a heat accumu- 
lator according to image data to be printed. 
[0020] Fig. 5 is a detailed diagram of the heat accumulator. 

[0021] Fig. 6 is a table showing a relationship between a total 

heat weighting value and a number of image masks used 
to produce sub-images. 

[0022] Fig. 7 is a detailed block diagram of an image separating 
device. 

[0023] Fig. 8 is a print nozzle arrangement according to the 
present invention. 

[0024] Fig. 9 illustrates a first algorithm used to generate image 
masks according to the present invention. 

[0025] Fig. 10 illustrates a second algorithm used to generate im- 
age masks according to the present invention. 

[0026] Fig. 11 illustrates a third algorithm used to generate image 

masks according to the present invention. 
Detailed Description 

[0027] Please refer to Fig. 3. Fig. 3 shows a block diagram of a 

controlling device 100 used for controlling Inkjet printing 



according to the present invention. Tlie controlling device 
100 contains a first image buffer 130 and a second image 
buffer 135 for storing image data to be printed. A host 
device, such as a personal computer, sends the printing 
data to the first image buffer 130. Next, the first image 
buffer 130 sends the image data to both the second im- 
age buffer 135 and a heat accumulator 140. The heat ac- 
cumulator 140 then calculates a total heat weighting value 
W based on a number of nozzles and a relative proximity 
of the nozzles that will be used to eject ink onto a print- 
ing medium during one swath of the printhead. In general, 
the more nozzles that are utilized to eject ink, the higher 
the value of the total heat weighting value W will be. The 
heat accumulator 140 then sends the total heat weighting 
value W to an image separating device 160. At the same 
time, the second image buffer 135 sends the image data 
to the image separating device 160, and the image sepa- 
rating device 160 divides an original image corresponding 
to the image data into a plurality of sub-images. Based on 
the magnitude of the total heat weighting value W, the 
image separating device 160 selects a number of image 
masks to use for dividing the original image into sub- 
images. The image masks are generated according to one 



or more predetermined algorithms, and tlie resulting im- 
age masks are stored in a table memory 120. After the 
image separating device 160 uses the image masks to 
separate the original image into the plurality of sub- 
images, the sub-images are sent to a printhead driver via 
a printhead driver interface 110. 
[0028] Please refer to Fig. 4. Fig. 4 is a table summarizing opera- 
tion of the heat accumulator 140 according to image data 
to be printed. The total heat weighting value W is a sum of 
heat weighting values calculated for each row of nozzles 
in the printhead. For each row of nozzles, both the num- 
ber of nozzles ejecting ink and the relative proximity of 
the nozzles determines the magnitude of the heat weight- 
ing value. As Fig. 4 shows, the initial heat weighting value 
is equal to zero. This initial heat weighting value is then 
either incremented or decremented according to the 
printing status of a current nozzle and a previous nozzle. 
The current nozzle is the nozzle currently being analyzed, 
while the previous nozzle is the nozzle that was Just ana- 
lyzed. As shown in Fig. 4, a single nozzle ejecting ink 
(image data equal to "1") will increase the heat weighting 
value by a value of one. If the current nozzle and the pre- 
vious nozzle are both ejecting ink, the current nozzle will 



also increase the heat weighting value by a value of one. 
On the other hand, a single nozzle not ejecting ink (image 
data equal to "0") will neither increase nor decrease the 
heat weighting value. However, if neither the current noz- 
zle nor the previous nozzle are ejecting ink, the current 
nozzle will decrease the heat weighting value by a value of 
one. Please keep in mind that the values shown in Fig. 4 
are merely used as examples, and other calculation 
schemes can be used by the heat accumulator 140 to cal- 
culate the total heat weighting value W. 
[0029] Once the heat weighting value for each row has been cal- 
culated, all of the heat weighting values are added to- 
gether to produce the total heat weighting value W. Please 
refer to Fig. 5 with reference to Fig. 4. Fig. 5 is a detailed 
diagram of the heat accumulator 140. The circuitry shown 
in Fig. 5 is a logical implementation of the heat accumula- 
tion table shown in Fig. 4. A summing circuit 150 is used 
to sum heat weighting values from all rows of nozzles of 
the printhead. For each row of nozzles, a D flip-flop 142, 
AND gate 144, OR gate 146, and up/down counter 148 
are used to calculate heat weighting values. The circuitry 
shown in Fig. 5 calculates heat weighting values for a first 

th 

row through an i row of nozzles. Taking the first row as 



an example, nl(t) represents the image data of a current 
nozzle and nl(t-l) represents the image data of the pre- 
vious nozzle. The up/down counter 148 receives an up/ 
down control input based on the image data of the current 
nozzle. When the current nozzle is used to eject ink 
(image data has a value of "1"), the counter will always in- 
crease the heat weighting value Wnl. On the other hand, 
when the current nozzle is not ejecting ink (image data 
has a value of "0"), the counter will either decrease the 
heat weighting value Wnl or leave it unchanged. Once all 
rows of nozzles have been analyzed, the heat accumulator 
140 produces the total heat weighting value W. 
[0030] Please refer to Fig. 6. Fig. 6 is a table showing a relation- 
ship between the total heat weighting value W and a num- 
ber of image masks used to produce sub-images. The to- 
tal heat weighting value W generated by the heat accumu- 
lator 140 is compared to a plurality of reference values 
Rl, R2, R3, etc., and the number of image masks used by 
the image separating device 160 is determined according 
to the comparison results. As Fig. 6 shows, if the total heat 
weighting value W is less than reference value Rl, only 
one image mask is used to generate one sub-image. In 
this case, the image mask includes all nozzles of the 



printhead and the one sub-image is exactly equal to the 
original image. If the total heat weighting value W is 
greater than or equal to reference value Rl and less than 
reference value R2, two image masks will be used to gen- 
erate two sub-images. In this case, the first image mask 
will restrict a subset of nozzles from ejecting ink to pro- 
duce the first sub-image. The second image mask will be 
a complement of the first image mask, and the second 
image mask will restrict the nozzles that are utilized to 
produce the first sub-image. Of course, three or more im- 
age masks can also be used with the present invention, 
and algorithms used for producing the masks will also be 
explained below. 
[0031] Please refer to Fig. 7. Fig. 7 is a detailed block diagram of 
the image separating device 160. The image separating 
device 160 contains a mask defining device for selecting 
one or more image masks from the table memory 120 
based on the total heat weighting value W. The image 
masks are then sent to a masking device 164. The mask- 
ing device 164 masks the current image data to be 
printed with the image masks, produces the plurality of 
sub-images, and stores each of the sub-images in a FIFO 
(first-in first-out) buffer 166. Then, one by one, the sub- 



images stored in tlie FIFO buffers 166 are sent to tlie 
printhead driver interface 110 to be printed. If more than 
one image masl< is used to produce more than one sub- 
image, the image masl<s can be applied to the original im- 
age in any order to produce the sub-images. Furthermore, 
since the sub-images are superimposed on each other 
when printed on the printing medium, the sub-images 
can be printed in any order. 
[0032] Please refer to Fig. 8. Fig. 8 is a print nozzle arrangement 
200 according to the present invention. In Fig. 8, sixteen 
nozzles are shown, and are numbered nl-nl6 for refer- 
ence. The sixteen nozzles are arranged in a matrix of four 
rows and four columns, and each nozzle is uniquely iden- 
tified by its row number and column number. Instead of 
utilizing all nozzles in the print nozzle arrangement 200 
to eject ink at the same time, the present invention uses 
image masks to divide the original image into one or more 
sub-images. 

[0033] Please refer to Fig. 9. Fig. 9 illustrates a first algorithm 

used to generate image masks according to the present 
invention. An original image 210 is split into two sub- 
images through the use of a first mask 210a and a second 
mask 210b. In the first algorithm, every second nozzle is 



chosen to be in the first masl< 210a and all remaining 
nozzles are then chosen for the second mask 210b. That 
is, the first mask 210a is used to eject ink only from noz- 
zles nl, n3, n5, n7, n9, nil, nl3, and nl5. The second 
mask 210b ejects ink from the nozzles that were not cho- 
sen for the first mask 210a. The nozzles allowed to eject 
ink with the second mask 210b are n2, n4, n6, n8, nlO, 
nl2, nl4, and nl6. Although only two image masks are 
used to illustrate the first algorithm in Fig. 9, any number 
of image masks can be used as well. Suppose that M im- 
age masks are used, thereby producing M corresponding 
sub-images. A generalized rule for the first algorithm is 
as follows 

th 

[0034] ;Step S10:Choose every M nozzle to be included in a first 
mask; 

[0035] Step S12:Repeat step SIO for selecting a second mask 

th 

through an (M-1) mask. Nozzles that were previously 
chosen to be included in other masks are not included in 
any additional masks; and 
[0036] Step S14:Choose all remaining nozzles to be included in 
an M mask. 

[0037] Please refer to Fig. 10. Fig. 10 illustrates a second algo- 
rithm used to generate image masks according to the 



present invention. An original image 220 is split into two 
sub-images tlirougli tlie use of a first masl< 220a and a 
second mask 220b. In the second algorithm, contiguous 
groups of two nozzles are chosen to be included in the 
first mask 220a. Between every contiguous group of two 
nozzles chosen for the first mask 220a is a group of two 
contiguous nozzles not chosen to be in the first mask 
220a. Therefore, the first mask 220a is used to eject ink 
only from nozzles nl, n2, n5, n6, n9, nlO, nl3, and nl4. 
The second mask 220b ejects ink from the nozzles that 
were not chosen for the first mask 220a. The nozzles al- 
lowed to eject ink with the second mask 220b are n3, n4, 
n7, n8, nil, nl2, nl5, and nl6. Although only two image 
masks are used to illustrate the second algorithm in 
Fig. 10, any number of image masks can be used as well. 
Suppose that M image masks are used, thereby producing 
M corresponding sub-images. A generalized rule for the 
second algorithm is as follows: 
[0038] Step S20:Chose contiguous groups of N nozzles to be in- 
cluded in a first mask, where N is an integer greater than 
or equal to one. Each group of N nozzles included in the 
first mask is separated by (M-1)*N contiguous nozzles not 
included in the first mask; 



[0039] Step S22:Repeat step S20 for selecting a second mask 

th 

through an (M-1) mask. Nozzles that were previously 
chosen to be included in other masks are not included in 
any additional masks; and 
[0040] Step S24:Choose all remaining nozzles to be included in 
an M mask. 

[0041] Please refer to Fig. 11. Fig. 11 illustrates a third algorithm 
used to generate image masks according to the present 
invention. An original image 230 is split into three sub- 
images through the use of a first mask 230a, a second 
mask 230b, and a third mask 230c. In the third algorithm, 
the scheme for generating each image mask is to choose 
nozzles that are spaced as far apart as possible. A specific 
explanation for the masks shown in Fig. 11 will be given 
first, followed by an explanation of the general case. 

[0042] First Mask 

[0043] i,A first nozzle nl is chosen to be included in the first 
mask 230a (this nozzle can be any nozzle, and does not 
necessarily have to be nozzle nl). 

[0044] 2.The three nozzles n2, n3, n5 closest to nozzle nl are 
analyzed. 

[0045] 3. Of the three nozzles n2, n3, n5, the nozzle n5 farthest 
from nozzle nl is chosen to be included in the first mask 



230a. 

[0046] 4.The three nozzles n6, n7, n9 closest to nozzle n5 are 
analyzed (only nozzles that have not already been chosen 
or analyzed for inclusion in the first mask 230a can be 
analyzed). 

[0047] 5_ The nozzle n9 farthest from nozzle n5 is chosen to be 

included in the first mask 230a. 
[0048] 6.The three nozzles nlO, nil, nl3 closest to nozzle n9 

are analyzed. 

[0049] 7, The nozzle nl3 farthest from nozzle n9 is chosen to be 

included in the first mask 230a. 
[0050] 8.The three nozzles nl2, nl4, nl5 closest to nozzle nl3 

are analyzed (again, only nozzles that have not already 

been chosen or analyzed for inclusion in the first mask 

230a can be analyzed). 
[0051] g.The nozzle nl2 farthest from nozzle nl3 is chosen to 

be included in the first mask 230a. 
[0052] lo.The three nozzles n4, n8, nl6 are analyzed (these are 

the only three nozzles that have not been analyzed thus 

far). 

[0053] il.The nozzle n4 farthest from nozzle nl2 is chosen to 

be included in the first mask 230a. 
[0054] After all of the nozzles have been chosen for the first 



mask 230a, only nozzles nl, n4, n5, n9, nl2, and nl3 can 
be used to eject ink with the first mask 230a. 
[0055] Second Mask 

[0056] The selection schemed used to choose nozzles for the 
second mask 230b is similar to that of the first mask 
230a. The only difference is nozzles that have already 
been chosen for the first mask 230a are not analyzed for 
inclusion in the second mask 230b. 

[0057] i_A first nozzle n2 is chosen to be included in the second 
mask 230b (again, this nozzle can be any remaining noz- 
zle, and does not necessarily have to be nozzle n2). 

[0058] 2.The three nozzles n3, n6, n7 closest to nozzle n2 are 
analyzed. 

[0059] 3, Of the three nozzles n3, n6, n7, the nozzle n7 farthest 
from nozzle n2 is chosen to be included in the second 
mask 230b. 

[0060] 4.The three nozzles n8, nlO, nil closest to nozzle n7 are 
analyzed (nozzles that have already been chosen or ana- 
lyzed for inclusion in the second mask 230b cannot be 
analyzed). 

[0061] 5. The nozzle nil farthest from nozzle n7 is chosen to be 

included in the second mask 230b. 
[0062] 6.The three nozzles nl4, nl5, nl6 closest to nozzle nil 



are analyzed. 

[0063] 7_ The nozzle nl6 farthest from nozzle nil is chosen to 
be included in the second mask 230b. 

[0064] After all of the nozzles have been chosen for the second 
mask 230b, only nozzles n2, n7, nil, and nl6 can be 
used to eject ink with the second mask 230b. 

[0065] Third IVIask 

[0066] Since there are only three masks used in this example, the 
nozzles chosen for the third mask 230c are simply the 
nozzles that have not already been chosen for the first 
mask 230a or the second mask 230b. These nozzles in- 
clude n3, n6, n8, nlO, nl4, and nl5. 

[0067] Although only three image masks are used to illustrate 

the third algorithm in Fig. 11, any number of image masks 
can be used as well. Suppose that M image masks are 
used, thereby producing M corresponding sub-images. A 
generalized rule for the third algorithm is as follows: 

[0068] Step S30:Chose a current nozzle to be included in the first 
mask; 

[0069] Step S32:Analyze a group of M nozzles closest to the cur- 
rent nozzle, wherein the group of M nozzles have not 
been previously chosen or analyzed for inclusion in the 
first mask; 



[0070] Step S34:Select among the group of M closest nozzles a 
next nozzle that is farthest away from the current nozzle. 
Choose this next nozzle to be included in the first mask; 

[0071] Step S36:Repeat steps S32 and S34 until all nozzles have 
been analyzed. Each next nozzle is treated as the current 
nozzle after the next nozzle has been chosen to be in- 
cluded in the first mask; 

[0072] Step S38:Repeat steps S30 through S36 for selecting a 

th 

second mask through an (M-1) mask. Nozzles that were 
previously chosen to be included in other masks are not 
analyzed for inclusion in any additional masks; and 
[0073] Step S40:Choose all remaining nozzles to be included in 
an M mask. 

[0074] Since the nozzles used in each mask are chosen to be as 
far apart as possible in the third algorithm, negative ef- 
fects from heat accumulation are minimized and printing 
quality is improved. 

[0075] In summary, the present invention may be applied to any 
kind of InkJet printing device for improving the quality of 
printing. For example, the present invention is well suited 
for use in Inkjet printers, Inkjet facsimile machines, or 
Inkjet copiers. Furthermore, according to the invention, 
data representative of images can be data representative 



of any kind of images or texts, sucli as blacl<-and-wliile 
images, color images, text, gray-level text and images, or 
colorful text and images. 

[0076] In contrast to the prior art, the present invention calcu- 
lates a value of heat that will be generated when image 
data is printed. Instead of printing the original image, the 
present invention method utilizes a plurality of image 
masks to divide the original image into a plurality of sub- 
images. The sub-images are printed sequentially and su- 
perimposed on each other to print an image resembling 
the original image. Printing many sub-images instead of 
printing one large image prevents accumulated heat from 
negatively affecting ink temperature, and maintains the 
quality of printing. 

[0077] Those skilled in the art will readily observe that numerous 
modifications and alterations of the device may be made 
while retaining the teachings of the invention. Accord- 
ingly, the above disclosure should be construed as limited 
only by the metes and bounds of the appended claims. 



